Background: It is unclear whether beta-blocker therapy should be reduced or withdrawn in patients who develop acute decompensated heart failure (HF). We studied the relationship between changes in beta-blocker dose and outcome in patients surviving a HF hospitalisation in COMET. Methods: Patients hospitalised for HF were subdivided on the basis of the beta-blocker dose administered at the visit following hospitalisation, compared to that administered before. Results: In COMET, 752/3029 patients (25%, 361 carvedilol and 391 metoprolol) had a non-fatal HF hospitalisation while on study treatment. Of these, 61 patients (8%) had beta-blocker treatment withdrawn, 162 (22%) had a dose reduction and 529 (70%) were maintained on the same dose. One-and two-year cumulative mortality rates were 28.7% and 44.6% for patients withdrawn from study medication, 37.4% and 51.4% for those with a reduced dosage (n.s.) and 19.1% and 32.5% for those maintained on the same dose (HR,1.59; 95%CI, 1.28-1.98; p b 0.001, compared to the others). The result remained significant in a multivariable model: (HR, 1.30; 95%CI, 1.02-1.66; p = 0.0318). No interaction with the beneficial effects of carvedilol, compared to metoprolol, on outcome was observed (p = 0.8436). Conclusions: HF hospitalisations are associated with a high subsequent mortality. The risk of death is higher in patients who discontinue betablocker therapy or have their dose reduced. The increase in mortality is only partially explained by the worse prognostic profile of these patients.
Introduction
Randomised clinical trials have shown the beneficial effects of beta-blockers in the treatment of patients with relatively stable, symptomatic chronic heart failure (HF) due to left ventricular (LV) systolic dysfunction [1] [2] [3] [4] [5] [6] . Despite the benefits of medical treatment many patients progress to advanced HF and are hospitalised for HF decompensation. When this occurs, beta-blockers are often reduced or discontinued [7] [8] [9] as it is thought that this will improve worsening dyspnoea, fatigue and/or hypotension, which may be exacerbated by the short-term negative inotropic effects of beta-blockade [10, 11] . On the other hand, randomised controlled trials have shown that the beneficial effects of beta-blockers also occur among patients with severe HF. [2, [12] [13] [14] [15] Randomised trials, however, include selected patient populations. Even the patients included in the Carvedilol Prospective Randomized Cumulative Survival Study (COPERNICUS) had to be clinically stable with no need of i.v. therapy for at least 4 days before randomisation. We therefore have no definitive results about the effects of beta-blocker therapy on outcome in patients who have been recently hospitalised for decompensated HF.
In the Carvedilol or Metoprolol European Trial (COMET), 3029 patients with chronic HF were randomised to carvedilol or metoprolol tartrate and followed up for a median of 58 months [16] . This trial represents a unique possibility to assess the effects on outcome of a change in beta-blocker therapy after an episode of HF hospitalisation. In the present study we assessed the prognostic role of a change in the beta-blocker dose after a HF hospitalisation in the COMET patients.
Methods
The COMET design has been published [16, 17] . In brief, COMET was a multicenter, randomised, double-blind, parallel-group trial comparing the effect on mortality and morbidity of carvedilol and metoprolol tartrate in patients with symptomatic chronic HF (NYHA class II-IV), LV ejection fraction (EF) ≤ 35%, at least one cardiovascular hospitalisation during the 2 years before trial entry, optimal baseline therapy, including the need for diuretic therapy. COMET was designed as an event-driven study with the co-primary endpoints of all-cause mortality and the combined endpoint of mortality or hospitalisation for any cause. Patients were randomised to carvedilol or metoprolol tartrate and received initial doses of 3.125 mg or 5 mg twice daily (bid) respectively. Doses were doubled at 2 week intervals, aiming for target doses of 25 mg bid of carvedilol and 50 mg bid of metoprolol tartrate. When patients reached the target or the maximally tolerated dose, the maintenance phase began. During this phase, every patient underwent clinical assessment every 4 months.
Hospitalisations were defined as any admission that required at least one overnight stay in the hospital [17, 18] . The causes of admission were classified by the investigator on the case report form. Hospitalisations were differentiated as cardiovascular or non-cardiovascular. Causes of cardiovascular hospitalisations included HF, unstable angina, suspected myocardial infarction, stroke, or others. Three clinical presentations of HF hospitalisations were considered: worsening HF, acute pulmonary oedema and complications of drug treatment. Since this last category included only a few events (49 patients, 5.7%), unrelated to HF (hypotension, dizziness, bradycardia), we excluded them from data analysis.
To assess the prognostic significance of the change in the beta-blocker dose after a HF hospitalisation, we compared the dose of beta-blocker administered at the visit following the HF hospitalisation with the dose administered at the visit before the HF hospitalisation. Patients were subdivided in three groups: those who received the same dose before and after the HF hospitalisation; those who had a dose reduction of at least one level at the visit after the hospitalisation; and those who were withdrawn from the study drug. Dose levels were the following: 3.125 mg bid, 6.25 mg bid, 12.5 mg bid, and 25 mg bid for carvedilol, and 5 mg bid, 12.5 mg bid, 25 mg bid, and 50 mg bid for metoprolol.
Statistical analysis
Results are expressed as mean ± SD unless otherwise specified. All hypothesis tests reported are two-sided and use a pvalue b 0.05 as significant. Differences were assessed by t-tests for continuous variables and by chi-squared test for categorical data. Kaplan-Meier survival estimates were calculated.
To assess the impact of the change in beta-blocker dose on mortality after the HF hospitalisation, changes in the beta- Abbreviations: % = percentage of patients; BP = blood pressure; CAD = coronary artery disease; CHF = heart failure; LV = left ventricular; LBBB = left bundle branch block; ARBs = angiotensin receptor blockers; BB = beta-blockers; HR = heart rate. Beta-blockers refer to patients receiving beta-blockers before entry into the trial.
blocker dose were included in a multivariable Cox regression model including baseline factors, shown to be important by bootstrap methods, as well as variables collected at the visit before the hospitalisation and causes of hospitalisation that differed significantly between the beta-blocker dose groups. The baseline variables included in the model are those retained in ≥ 70% of the models generated by backward regression from 200 bootstrap samples of the patients in the study, i.e. random samples of 3029 patients with replacement. No data are available regarding patients' symptoms and treatment during the HF hospitalisation. The variables entered into the multivariable model were: age, sex, systolic blood pressure, NYHA class, HF duration, LVEF, serum creatinine, sodium, and haemoglobin levels, cardiac rhythm (sinus, paced, atrial fibrillation), furosemide dose, administration of antiarrhythmics, digitalis, lipid lowering agents, study drug, amongst the variables assessed at baseline; body weight, systolic blood pressure, NYHA class, orthopnoea, well being, study drug dose level, amongst the variables assessed at the visit prior to the HF hospitalisation; acute pulmonary oedema, and worsening HF, amongst the causes of the hospitalisation; and, finally, study drug dose change or withdrawal. The adjusted mortality curves in Fig. 3B are produced from the survivor function of the multivariate Cox regression analysis. The beta-blocker dose variable (reduced/withdrawn versus same dose) is a stratified variable, which results in separately shaped curves (i.e. non-proportional for each).
Results

Follow-up
In COMET, 3029 patients were randomised to carvedilol (1511 patients) or metoprolol tartrate (1518 patients) and followed for a median of 58 months (interquartile range 54 to Table 2 Clinical characteristics of the patients at the visit before the heart failure hospitalisation according to changes in study drug doses 64). Follow-up was complete for all patients except 5 who were lost to follow-up and 28 patients who withdrew their consent during the trial [16] . Patient flow is shown in Fig. 1 . Amongst the 3029 patients included in COMET, 1088 (35.9%, 541 on carvedilol and 547 on metoprolol) were hospitalised for HF. Of these, 228 patients (20.9%) were excluded from analysis as they were not on study medication at the time of hospitalisation. The cause of the HF hospitalisation of the remaining 860 patients (421 on carvedilol and 439 on metoprolol) was adjudicated as acute pulmonary oedema, worsening HF and study drug related complications in 174 (20%), 637 (74%) and 49 (6%) patients, respectively. Fifty-nine patients (7%) died during the initial hospitalisation.
Further analysis is limited to the 752 patients who had a non-fatal HF hospitalisation caused by acute pulmonary oedema or worsening HF. Amongst them, 61 patients (8.1%, 19 on carvedilol and 42 on metoprolol) were withdrawn from their study medication, 162 (21.5%, 84 on carvedilol and 78 on metoprolol) had a reduction in their study drug dose, and 529 (70.3%, 258 on carvedilol and 271 on metoprolol) were maintained on the same study drug dose at the visit following the HF hospitalisation, compared to before. Overall, patients receiving carvedilol were less likely to be withdrawn from study medication or have a dose reduction, compared to those on metoprolol ( p = 0.018).
Clinical characteristics.
The characteristics of the patients' hospitalised for HF, subdivided on the basis of changes in their beta-blocker dose, are shown in Tables 1 and 2 . Since there were no differences between patients withdrawn from study medication and those who had the dose reduced, these two groups are shown together. At baseline, the patients withdrawn from study medication or who had a dose reduction were less likely to be males, had more severe symptoms (NYHA class) and more severe LV systolic dysfunction (LVEF), compared to those who had their beta-blocker dose unchanged (Table 1) . At the visit prior to the HF hospitalisation, patients withdrawn from study drug treatment or who reduced their beta-blocker dose had more severe symptoms (NYHA class), a higher prevalence of orthopnoea, poorer well being, a lower body weight and a lower systolic blood pressure.
The duration of the initial hospitalisation was longer in the patients who were withdrawn or had a dose reduction, compared to the others: 27 ± 53 days; median, interquartile range (IQR), 17, 7-28 days in those withdrawn, 11 ± 9 days, More than one causes could be adjudicated. Abbreviations: WHF = worsening heart failure. Fig. 2 . Kaplan-Meier curves of mortality subsequent to discharge for the patients who had an admission for HF, according to whether study medication was withdrawn, the dose was dose reduced or the dose was left unchanged (same dose).
median, IQR, 8, 5-14 days in those with dose reduction versus 9 ± 8 days, median, IQR, 7, 4-12 days in those with dose unchanged ( p b 0.0001 versus the others). The potential causes and precipitating factors of the HF hospitalisations are shown in Table 3 . Patients withdrawn from beta-blocker therapy and, to a lesser extent, those who had a reduction in their beta-blocker dose were more likely to be admitted because of acute pulmonary oedema rather than because of progressive HF. The precipitating factors for HF hospitalisation did not differ amongst groups.
Mortality versus changes in beta-blocker dose
Hospitalisation for HF was associated with high mortality. Mortality was not different between the patients withdrawn from beta-blocker therapy and those who had a dose reduction. Thirty-two of the 61 patients (52.5%) withdrawn from the study drug died and 94 of the 162 patients (58%) who had a dose reduction also died (hazard ratio = 1.32; 95% confidence intervals [CI], 0.88-1.98; p = 0.179). These two groups were therefore combined for the purposes of comparison with patients maintained on the same dose of study drug, of whom 242 of 529 died (45.7%; HR, 1.59; 95% CI, 1.28-1.98; p b 0.0001 for the comparison) (Fig. 2) .
Patients who were maintained on the same dose of the study medication had less severe HF compared to those who had a dose reduction or who were withdrawn. However, their mortality risk remained lower after adjustment for baseline variables and variables collected at the visit before the HF hospitalisation (HR, 1.30; 95%CI, 1.02-1.66; p = 0.0318; Table 4 and Fig. 3) . The other variables which were associated with increased mortality after the HF hospitalisation at multivariable analysis were increasing age, higher serum creatinine, greater HF duration, lower serum sodium, lower LVEF, treatment with higher furosemide doses, antiarrhythmic therapy, digitalis therapy, lack of use of statins, lower systolic blood pressure at the visit prior to hospitalisation (Table 4) .
To address the sensitivity of the analyses to high risk patients, they were repeated disregarding patients that died within 4 weeks of hospitalisation (8 patients). The risk of subsequent mortality remained higher in those patients that reduced or withdrew study medication compared to those that were maintained on the same dose (HR, 1.51; 95%CI, 1.22-1.89; p b 0.001) but an adjusted analysis resulted in a non-significant difference between these groups (HR, 1.25; 95%CI, 0.98-1.60; p = 0.0711, Table 5 ).
The mortality rate after hospitalisation in each group was lower amongst the patients receiving carvedilol, compared to those on metoprolol (data not shown). No interaction between the changes in dose after the HF hospitalisation and the Fig. 3 . Kaplan-Meier mortality curves for the patients withdrawn from study medication or who had the dose reduced compared to those who had no dose change. Mortality curves were unadjusted (3A) or adjusted (3B) for other variables related to mortality at multivariable analysis. beneficial effect on mortality of carvedilol, compared to metoprolol, was found ( p = 0.8436).
Discussion
Background and previous studies
Lack of prescription and use of low doses of beta-blockers may adversely affect the outcome of HF patients [19] [20] [21] [22] . However, the prognostic significance of a dose reduction and/or withdrawal of beta-blocker therapy may differ in the patients recently hospitalised for worsening HF. In these patients, beta-blockade may theoretically have adverse effects on outcome because of its short-term negative inotropic effects. [10, 11] Accordingly, symptoms of worsening HF and low cardiac output (weight gain, fatigue, hypotension) are amongst the most common reasons of discontinuation of beta-blocker therapy in clinical practice [7, 8, 23, 24] . However, there is little information on the impact of changes in beta-blocker therapy after hospitalisation for worsening HF. A retrospective analysis of the Outcomes of the Prospective Trial of Intravenous Milrinone for Exacerbations of Chronic Heart Failure (OPTIME-CHF) study [25] reported that, amongst 212 patients treated with beta-blockers at the time of the admission for decompensated HF, the 47 patients who permanently stopped the beta-blocker had a worse outcome [25] . The 268 of 432 patients receiving beta-blockers at the time of hospitalisation in the Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheterization (ES-CAPE) had a shorter length of stay and lower 6-month mortality rate and beta-blocker therapy remained independently associated with lower mortality at multivariable analysis [26] . The Organized Program to Initiate Lifesaving Treatment in Hospitalized patients with Heart Failure (OPTIMIZE-HF) showed that carvedilol use at the time of discharge after a HF hospitalisation is well tolerated and associated with a reduction in mortality at 60 and 90 days.
[27].
Beta-blocker withdrawal or dose change in the present study
COMET is one of the largest and longest trials of patients with chronic HF on optimal medical treatment. This, therefore, allows an assessment of the relation between the changes in beta-blocker treatment and subsequent outcome. Our results show that either discontinuation or a reduction in the dose of the beta-blocker after a HF hospitalisation is associated with a worse outcome. Though stopping betablockers or reducing their dose was associated with more severe HF, it remained significantly and independently associated with increased mortality after adjustment for baseline variables and for variables obtained at the visit before the HF hospitalisation. Our results are consistent with recent analyses from trials [25, 27] and registries [20, 26] and show, in addition, that even a reduction in the beta-blocker dose may be associated with an increase in mortality.
When the patients who died in the first 4 weeks after the initial hospitalisation were excluded, discontinuation or dose reduction in beta-blockers remained associated with increased mortality at univariable but not multivariable analysis ( p = 0.0711). These results show the role of changes in beta-blocker therapy for short-term outcome. The lower significance of dose changes at multivariable analysis may be explained by the reduction in the number of events so that the power of the model to detect significant changes was reduced as well.
We did not find any difference in outcome between the patients who had beta-blocker therapy withdrawn and those who had a dose reduction. This may reflect the relatively low number of patients who were completely withdrawn from beta-blocker therapy (61 patients, 8%). On the other hand, the association between reduction in beta-blocker dose and adverse outcome is consistent with post-hoc analysis of this and other trials [19, 21, 22] . However, no trial has adequately, prospectively assessed whether the dose of beta-blocker has an important effect on clinical outcome. 
Carvedilol versus metoprolol tartrate comparison
The COMET trial showed that carvedilol administration is associated with a lower mortality, compared to metoprolol tartrate, in patients with HF. Carvedilol did not reduce the rate of HF hospitalisation, compared to metoprolol, but its effect on mortality was observed whether or not such a hospitalisation had occurred. Our present study shows that patients assigned to carvedilol were less likely to be withdrawn from beta-blockade or have a reduction in their beta-blocker dose. This mechanism, though occurring in a relative minority of patients, is consistent with the beneficial effects on outcome of carvedilol, compared to metoprolol tartrate.
Limitations of the study
The present study is a retrospective post-hoc analysis of the patients who had a HF hospitalisation in COMET. In a non-randomised analysis it is not possible with certainty to distinguish between the effects of reducing beta-blockade and the reasons for which the beta-blocker was discontinued or the dose reduced. We adjusted for available variables that are markers for disease severity, but this adjustment may be incomplete. Lastly, no data regarding the clinical course and treatment during the HF hospitalisation were collected in COMET. This hinders any inference regarding the possible effects of in-hospital treatment on subsequent outcome.
Conclusions
We have analysed the relationship between the changes in beta-blocker dose and outcome of the HF patients studied in COMET. Hospitalisations for HF were associated with a high mortality. The patients who were withdrawn from betablocker therapy or who had a dose reduction had a higher mortality compared with those who had their dose unchanged, independent of prognostic variables assessed at baseline and at the visit before hospitalisation.
